The availability of dermal fillers for multiple cosmetic indications has led to a dramatic increase in their application. Although fillers are generally regarded as safe tools for soft tissue augmentation, complications can occur. Therefore, to describe and review the complications associated with the currentlyavailable dermal filling agents, the authors conducted a literature review in peer-reviewed journals and present the reported complication rates. They also describe current strategies to avoid, diagnose, and manage complications if they do occur.
In recent years, the rate of soft tissue augmentation has exponentially increased for facial rejuvenation. According to statistics published by the American Society for Aesthetic Plastic Surgery, there were over 1.2 million dermal filler injections in 2008, which represents a 200% increase since 1997. 1 It has become a particularly attractive option for patients because the results are easy to appreciate immediately postinjection and have a predictable longevity. Clinicians have embraced injectables because, with proper patient selection and injection technique, most dermal fillers are able to modify the appearance/fullness of the skin and soft tissues while offering an impressive safety profile. 2, 3 Although fillers are generally regarded as safe, unanticipated events and adverse outcomes can occur with these agents. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] To prevent complications and treat potential issues appropriately, it is of the utmost importance that clinicians fully understand the range and types of specific issues that can occur. In this article, we discuss how to avoid, diagnose, and manage complications of soft tissue augmentation agents by outlining key considerations during the preprocedure, intraprocedure, and early and late postprocedure periods.
PreProCedure Considerations Patient Satisfaction
Soft tissue augmentation is an elective cosmetic procedure, and, as such, the patient's satisfaction is first and foremost.
During the initial visit, photographs should be taken to document the patient's appearance prior to the procedure and also to facilitate a clear and frank discussion about the patient's areas of concern. Once the patient's treatment goals have been discussed, the clinician should discuss which filling agents are best suited to the patient's needs, as well as the limitations of dermal filling agents in general. Fillers can treat fill folds, fine wrinkles, and correct contour abnormalities, but these procedures are not meant to replace surgical interventions. [17] [18] [19] [20] Patients should be informed about the possibility of swelling and bruising and be advised to avoid these procedures immediately prior to any significant social or professional events. Last, the clinician should discuss the financial commitment that will be involved for a patient to reach his or her intended goal, including an accurate assessment of how many syringes will be needed, in order to establish realistic expectations about the outcome of the procedure.
Skin Testing
Once a filler has been chosen, the reactivity profile should be reviewed. Products that are highly reactive (ie, products containing bovine collagen) require skin testing prior to application. Among the products available in recent years, only Artefill (Suneva Medical, San Diego, California) requires a skin test. To date, no reactions to the product have been documented, but skin testing is required by the Food and Drug Administration (FDA).
Hyaluronic acid (HA) fillers are still the most popular injectable option in the United States. [21] [22] [23] There do not appear to be any significant reactions from HA application, whether the formula is bacterial or avian in origin. HA has a low rate of hypersensitivity, ranging from 0.6% to 0.8%. 2 In comparison, bovine collagen's incidence of acute hypersensitivity is 3.5% and delayed hypersensitivity rates range from 3% to 10%. 19, 24, 25 Reported reactions to HA were most often localized, immediate, and resolved within three weeks, according to data from a European retrospective review of cases between 1997 and 2001. 2, 26 Reactions to bovine collagen may be local or systemic.
The skin test for bovine collagen is performed by injecting 0.1 mL of product into the antecubital area and, 30 days later, injecting a separate area (such as the left scalp line). In general, 3.5% of patients will manifest a positive reaction (ie, a local wheal-and-flare reaction) in 48 to 72 hours. 25, 27 A negative second skin test lowers the risk of a bovine collagen reaction to less than 0.5%. A single skin test is performed for Artefill, as it also contains bovine collagen. Not all collagen-based fillers require skin testing; some of the newer formulations have lower antigenicity. Human collagen carries a very low risk of reactivity, so Cosmoderm (INAMED Corp, Santa Barbara, California) and Cosmoplast (INAMED) do not require skin testing prior to treatment. Porcine collagen (Evolence, Colbar LifeScience Ltd, Herzliya, Israel) was approved by the FDA in 2008 and offered the advantage of durability as well as the lack of need for skin testing, but has since been removed from the market. A 2007 study by Shoshani et al 28 indicated that the hypersensitivity of Evolence had a calculated risk of 0.58% and was lower than estimated for both bovine and human collagen. Interestingly, the hypersensitivity after injecting Evolence was also lower than what had been observed with nonanimal HA (Restylane; Q-Med, Upssala, Sweden), which had a calculated risk of 0.74%.
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Prevention of Local Adverse Reactions
Local injection site reactions are the most common adverse event associated with soft tissue augmentation and should be expected to some degree in most patients undergoing these injections. In a large multicenter, randomized, doubleblinded comparison study of nasolabial folds comparing collagen and HA, 90.6% and 93.5% of patients (respectively) experienced local injection site reactions. 30 These reactions were less than seven days in duration and ranged from mild to moderate in severity. 30 The frequency with which these events occur necessitates that patients be informed of swelling and/or bruising, which may occur during the seven-day window.
We generally recommend that patients who do not have a history of heart attack, stroke, or blood clot discontinue aspirin five to seven days prior to their procedure. Nonsteroidal anti-inflammatory drug (NSAID) medications and many vitamin/herbal supplements associated with anticoagulation (such as vitamin E, ginseng, ginger, ginko, garlic, kava kava, celery root, and fish oils) are also often discontinued seven to 10 days prior to treatment to reduce the risk of bruising. 31 Some patients are not opposed to being injected while on NSAID medications and accept the increased risk for bruising, for the convenience of continuing their medications.
When assessing patients with cardiovascular stents and/ or those who take anticoagulant medication, it is important to consider the timeframe during which the patient will be taking the medication and to assess his or her overall risk of adverse events if the medication is temporarily discontinued. 32 If the medication is prescribed for a limited period of time (ie, anticoagulation for an initial attack of venous thromboembolism), it may be prudent to postpone injection treatment until the medications can be discontinued. However, if the medications are prescribed indefinitely, the risk of eliminating these medications should be evaluated. In general, it is not recommended that patients taking therapeutic anticoagulants such as coumadin or Plavix (sanofiaventis US, Bridgewater, New Jersey) alter their regimens for these types of procedures, as the risk clearly outweighs the benefit. [33] [34] [35] [36] [37] The recent American College of Chest Physicians guidelines recommend continuance of anticoagulation throughout minor dermatological procedures with low risk for bleeding. These patients are at a significantly higher risk of adverse events from thrombosis, which in some cases is as high as 50%. 38 These patients understand that they are at increased risk for bruising while taking anticoagulants, and they accept this risk, considering the risk of serious adverse events and other sequelae with medication termination. We have successfully completed dermal filler treatment in highrisk patients on anticoagulants, often facilitated with local anesthetic containing epinephrine and liberal placement of ice packs.
Prevention of Infection
Although the incidence of infection following soft tissue injectables is quite low, there have been reports that reinforce the importance of proper technique. 7 Intuition tells us that when implanting into the body foreign materials that have a certain permanence, sterile techniques should be employed. This has not been the case with dermal filling agents, where the importance of skin preparation is still unrecognized. In many ways, we have taken our knowledge of other subcutaneous injection procedures and applied them to soft tissue fillers, regardless of the fact that filler agents have more significant longevity. To date, there have been no data with specific, universal guidelines on the appropriate method of preparing the skin. Until adequate data are available, it is useful to consider prior publications regarding clinical experiences with central lines and other implantable devices.
It has been shown that skin preparation is critical in preventing superficial soft tissue infections. 39 Each of the commercially available skin preparation solutions has properties that make it a good antibacterial compound, and each has differences that make it unique (Table 1) . According to Calfee et al's comparison 39 of 10% povidoneiodine, 70% isopropyl alcohol, tincture of iodine, and povidone-iodine with 70% ethyl alcohol, there was no difference in the rate of contaminated blood cultures. Considering the low cost, convenience, and tolerability, the authors recommended 70% isopropyl alcohol for skin prep prior to obtaining blood cultures. Since that report, chlorhexidine-based antiseptic agents have become more prevalent because they offer the quick-acting ability of alcohol with much longer durability and higher efficacy. 40, 41 The current guidelines for the prevention of intravascular catheter-related infections recommend application of maximal sterile barrier precautions during central venous catheter (CVC) insertion and a 2% chlorhexidine preparation for skin antisepsis. 42 Some injectors employ alcohol, as well as either chlorhexidine or chlorxylenol, to prepare the skin prior to treatment with dermal filler agents. It is important to note that chlorhexidine should be avoided in the periocular area due to potential risk of keratitis and possible ocular injury.
Once the skin has been prepared, all other forms of contamination must be avoided. Theoretically, fillers can be contaminated in four ways: (1) during manufacture, (2) during reconstitution, (3) during dilution with lidocaine, or (4) by surface bacteria during injection, by injection into an active soft tissue infection, or by topical contamination immediately postprocedure via needle puncture sites (when a patient applies topical ointment or makeup with unclean fingertips).
Prevention of biofilm formation is the next frontier in the management of infections related to implantable devices. Biofilms likely play a role in many delayed-onset skin reactions. A biofilm is composed of a glue-like matrix secreted by bacteria that becomes a nidus in which many types of bacteria thrive. The problem with a biofilm is that it can form on any surface, from teeth to rocks to implants. These infections are difficult to treat because they can require, on average, approximately 32 times the amount of antibiotic required to kill free-floating bacteria. 43 Needle size is another important consideration for many reasons. Needle size can affect pain, the size of the skin puncture, and the risk of trauma to adjacent structures or vessels. The ideal needle choice is the smallest needle that still allows for accurate injection of the filler. Smaller needles may possibly reduce tissue damage and also leave smaller conduits in the skin that may reduce the risk of infection. In general, for less viscous fillers, a 30-gauge (or, off-label, a 32-gauge) needle is employed, whereas more viscous fillers may require a 27-gauge needle (eg, calcium hydroxylapatite) or even a 25-gauge needle (eg, poly-L-lactate) to avoid clumping or clogging. 44, 45 Needle size is dependent on the viscosity of the tissues and whether the formula is diluted.
Considering the recommendations for short-term and long-term catheters, as well as the information known about biofilms and possible means of contamination, clinicians treating patients with dermal fillers should adhere to the following procedures: (1) thorough handwashing, (2) advising patients to remove all makeup and other potential contaminants on the skin and to delay reapplication for a minimum of four hours posttreatment, (3) cleansing the skin with an antimicrobial preparation prior to injection, (4) taking sterile precautions during reconstitution/dilution, (5) avoiding injection during active soft tissue infection, 
intraProCedure Considerations
Following initial evaluation, the next key step to optimizing results and decreasing the likelihood of adverse events is proper placement of the product. Appropriate placement is multifaceted and encompasses thorough knowledge of the anatomical planes (superficial, deep dermal, subcutaneous, preperiosteal), understanding of techniques for individual filler agents, and familiarity with specific techniques for each area of the face.
Product Placement
Superficial placement of dermal fillers is a common error and is associated with a range of complications, from obviously visible product ( Figure 1 ) to inflammatory nodule formation ( Figure 2 ) and even hypertrophic scarring. 12, 16, [46] [47] [48] [49] These complications are avoidable when the practitioner recognizes the visual clues that indicate appropriate depth, but determining this during injection can be difficult. Arlette and Trotter 50 found, in a study assessing the difference in perceived versus actual depth of placement of HA fillers, that injectors were actually at a different dermal level (deeper) than they believed themselves to be.
The visual cues are simple and come primarily from assessing the color and shape of the needle, as well as the response of the skin and subcutaneous tissues. In the superficial (intradermal) plane, the gray of the needle can be seen, and the skin blanches. 48, 51, 52 Although this plane is too superficial for most filler indications, it is necessary to deposit appropriate filler superficially for acne scars and fine lines. Injection of a thin-particle, superficial filler such as Cosmoderm and Zyderm (Allergan, Irvine, California) may be useful in these situations. For most other indications, fillers should be placed in the deep dermal or superficial subdermal regions.
Key visual cues to confirm placement in deep dermal or superficial subdermal level are as follows: (1) the gray of the needle is not visible, (2) the shape of the needle is apparent, and (3) the injector is able to press down the fat by pointing the tip of the needle down. 48, 51, 52 It is important to understand, again, that most injectors are actually deeper than they believe. Dermal filling agents should not be placed intramuscularly due to the risk of causing lumps and nodules from uncontrolled displacement of the filler during routine muscle movement. 48, 51, 52 This was the likely etiology of nodularities when early advocates of calcium hydroxylapatite were placing this filler into the lip body.
Occasionally, fillers are placed to augment the soft tissues. These are placed at the preperiosteal level. The appropriate technique for finding the preperiosteal plane involves inserting the needle down through the skin and subcutaneous tissues until the periosteum can be palpated with the tip of the needle. This step should be performed carefully, as the periosteum can be disrupted, leading to subperiosteal hemorrhage and pain. 53 Repetitive contact with the periosteum will result in dulling of the needle, necessitating replacement more often during treatment. Once the periosteum is reached, the needle should be pulled back slightly to prevent placement of the product directly on the bone, deeper than the overlying musculature.
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Manifestation of Superficial Filler Placement
Superficial placement of dermal fillers is an avoidable complication. Manifestation of this is variable and dependent on the individual qualities of the injected product and the anatomic region of injection. 6 Caution must be taken when applying any filler superficially. Areas such as the tear trough pose a higher risk for product visibility and should be injected only by those with considerable experience with the product. 6, 46, 52, 54, 55 Hyaluronic Acid HA should be injected into either the deep dermis or the subdermal plane. Superficial placement of this clear gel can potentially result in the appearance of small lumps and bumps. 12 These bumps present relatively quickly and can appear blue. This bluish-gray appearance occurs because light of differing wavelengths is scattered differentially based on the substances it encounters (in this case, the gel within the dermis). This is known as the Tyndall effect. Superficial placement of HA can be treated in several different ways. If caught early, the gel can be massaged to distribute the filler more evenly. If this fails, incision and drainage with an 18-gauge needle or number-11 blade may facilitate expulsion of the product from the dermis. 12, 58 Hyaluronidase (an enzyme that breaks down HA fillers) has also been reported to be helpful. 58 The
and may cause sensitivity. 58 For an appropriate skin test, an injection of three units should be placed intradermally and the patient should be monitored for approximately 20 minutes (although, in rare cases, observation will extend overnight). 46 A positive reaction is noted when a wheal or flare occurs at the tested site. 52 The reaction occurs from sensitivity to either the animal protein or the ingredient thimerisol. Patients with bee sting allergies may be highly sensitive to hyaluronidase. Bee venom contains hyaluronidase and may be responsible for a cross-reaction to injectable hyaluronidase.
Calcium Hydroxylapatite
Calcium hydroxylapatite (CaHA) is ideally placed in the deep dermis or, preferably, subdermally. When placed too superficially, visible white nodules may be seen. These nodules can be treated by puncture with a number-11 blade or needle, which will express the contents. Areas such as this require advanced techniques 56 with deeper placement, and injections should be performed only by those clinicians who have filler experience in this area and a detailed understanding of the region's anatomy.
Product migration may occur when the injectable is placed too superficially or in more mobile anatomic areas. This complication has been associated with injection of CaHA in the lip, even when placed within the muscular body. While speaking or eating, the superficial and deep muscular portions of the orbicularis oris act as a pump, which causes coalescence of the product and nodule formation. 6 Treatment options for this complication include intralesional steroid injections or even injection of dilute saline followed by massage, which may help to mechanically break up the product. Alternatively, the site can be opened with a needle or number-11 blade for manual expression of the product. Surgical removal, although rarely required, is also an option.
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Polymethylmethacrylate Polymethylmethacrylate (PMMA), a permanent filler agent, is now available for use in the United States as Artefill. The European product is marketed by the same manufacturer as Artecoll. Although similarities exist between these two products, there are some distinct differences. Artefill is derived from a closed US bovine herd, is more consistent in particle size, and has a larger particle size. The larger particle size confers a lower risk of immunogenicity and digestion by macrophages. PMMA fillers are optimally placed in the deep dermis or, preferably, the subdermis. Superficial placement may be associated with pruritis, redness, and (rarely) hypertrophic scarring. 49 Localized itching and redness can sometimes be treated with topical steroids or intralesional corticosteroids. Hypertrophic scarring can be softened with a pulsed dye laser or topical or intralesional steroids. 46 Following the various treatment algorithms listed above will usually reverse or greatly improve imperfections caused by superficial placement of various products.
Injection Patterns and Injection Technique
Selection of appropriate injection techniques for each patient helps ensure successful outcomes and limits the risk of contour irregularities. Several patterns have been described for appropriate placement of various fillers: fanning, serial puncture, cross-hatching, and linear threading. The choice of pattern is usually predicated on the site to be injected and the agent being employed. Proper pattern selection will help the injector more uniformly treat the desired area.
The glabella, philtral columns, fine rhytides, and even the nasolabial folds lend themselves well to either the serial puncture or linear threading techniques. Serial puncture is performed by making multiple injections sequentially along the wrinkle or crease. Care should be taken to keep the injection sites close together, so that the injected material can merge into a smooth, continuous line that ultimately lifts the wrinkle or fold. Pulling the skin away slightly while injecting can help develop and smooth the contiguous effect. If postinjection gaps occur, molding and massage can help blend the material into a smooth layer. Regardless of injection technique, it is important to palpate and massage the treated site, working out any irregularities.
The vermiliocutaneous border and nasolabial folds are ideal sites for linear threading. The correct technique involves inserting the full length of the needle into the middle of the wrinkle or fold to create a channel and then filling the channel with the product. The filler can be injected while the needle is advanced in an antegrade fashion or as the needle is withdrawn in a retrograde fashion (Figures 3 and 4) . Retrograde injection seems to be the more common pattern, but both techniques can lead to excellent results in the hands of skilled injectors. In highly vascular areas such as the glabellar crease, a retrograde injection is the safest technique, decreasing the likelihood of an intra-arterial injection. The vermillion border is an excellent location for an antegrade approach because the potential space along the white roll allows for the product to flow along the border quite easily.
For larger areas such as the cheek or even marionette lines, cross-hatching can be a very effective tool. Some injectors find it useful to mark the area to be treated, to create a road map of the treatment area. Cross-hatching entails making a series of linear threading injections evenly spaced in a progressive grid to ensure that the space is evenly filled. Once an area is filled, gentle massage allows for blending and smoothing of the region. It is not unusual for injectors to apply this technique at several different levels to help fill and lift the area of treatment.
Last, fanning is performed by inserting the needle in a similar fashion to linear threading, but before the needle is completely withdrawn, it is advanced in a different direction (clockwise or counterclockwise), ensuring that the filler does not clump at the base, 51, 53, 60, 61 thereby also allowing the injector to fill a peripheral area from the same injection site ( Figure 5) .
As mentioned previously, proper injection technique helps ensure a successful outcome. Glogau and Kane found in a randomized, prospective, blinded, controlled study of 283 patients that injection techniques can contribute to the occurrence of local adverse events. The elements that were found to be associated with an increased risk of adverse events included injection techniques that increased the dissection of the subepidermal plane (ie, a fan-like injection pattern), rapid injection, rapid flow rates, and higher volumes. Interestingly, injection techniques that increased epidermal damage and/or subcutaneous contact (ie, multiple punctures or subcutaneous injection) had no effect on adverse events. 62 Clinicians should keep these aspects in mind, especially when treating patients at risk for adverse events.
Special Considerations
Certain section of the face, such as the periocular and tear trough regions, can be particularly challenging to augment. The skin in these areas is quite thin and can be unforgiving. Without stringent adherence to proper technique, serious adverse events can occur in these regions. For example, the periorbital region is surrounded by several major facial vessels and careless injection in this area without aspiration could result in visual impairment or even blindness. 63 Furthermore, injection above the bony border of the orbit can result in a postseptal injection and possible injury to the globe. Once globe injury or blindness occurs, there are very few options available to reverse the effects. Therefore, it is incumbent on the clinician to be aware of these possible complications and take every precaution to avoid them.
earLy PostProCedure Considerations Allergic and Other Hypersensitivity Reactions
Fillers, with the exception of autologous fat and autologous collagen, are generally composed of foreign material. As such, they can theoretically trigger varying degrees of immune activity. These reactions can range from mild irritation and redness to anaphylaxis. 2, 3, 5, 6, 9, 11, 13, 15, 49, 54, 64 Despite adequate skin testing and the selection of fillers with a low reactivity profile, reactions can still occur, however rare they may be. Stolman 65 and Nijhawan et al 66 reported rare cases of allergic reactions to human collagen products consisting of erythema, induration, burning, and nonerythematous subcutaneous lumps. Both patients in the Stolman case report had previous exposure to bovine collagen, either through previous treatment or through skin testing, without any report of sensitivity. Fortunately, a localized allergic reaction to either bovine collagen or the extremely rare reaction to human collagen generally does not produce long-term morbidity. Specifically, these reactions can often be treated by topical tacrolimus, intralesional steroids, systemic steroids, or antihistamines. 65 A rare case of angioedema-type hypersensitivity has been reported after Restylane injection in the lips. This reaction occurred one hour postprocedure without airway compromise. The patient was treated with 8 mg of dexamethasone intramuscularly and observed. Stabilization of swelling occurred after two hours and the patient was treated with a six-day prednisone taper. The patient's edema resolved five days postprocedure. 10 
Skin Necrosis
Skin or injection site necrosis is fortunately a rare occurrence. With proper education and technique, this is largely an avoidable complication. Vascular embarrassment occurs by external compression of the blood supply by the product or occlusion of the vessel via direct injection of the product into the blood vessel. The glabellar region is considered a high-risk area because the vessels are of a small caliber ( Figure 6 ) and do not have a good source of collateral circulation. The risk of skin necrosis can be reduced by (1) aspirating prior to injection, (2) utilizing lower volumes and serial injections in high-risk areas, (3) injecting in a more superficial plane (utilizing filler agents that can be placed more superficially, such as CosmoDerm), (4) treating one side at a time, (5) pinching/tenting the skin to provide more space superficial to the branches of the main arteries, and (6) manual occlusion of the origin of the supratrochlear vessels with the nondominant finger. 4, 63 Other injectors prefer an HA-based product (including but not limited to a low-concentration HA product such as Prevelle Silk [Mentor Corp., Santa Barbara, California], which can usually be placed more superficially) in higher risk areas so that hyaluronidase dissolution of product would then be an option in the case of vascular compromise.
It is imperative that any injector of filler products be familiar with the signs of skin necrosis and the appropriate therapy, as time before and type of treatment help determine outcomes following this potentially devastating complication. The goal of the urgent therapy is to promote increased blood flow to the affected area. This may be accomplished by applying warm gauze, tapping the area to facilitate vasodilatation, and applying nitroglycerin paste (in the office and at home by the patient) to further promote vasodilatation. 67 Hyaluronidase injection has been suggested in cases of impending necrosis after HA injection and there are cases documenting improvement from careful injection along the distribution of the underlying vessel, seemingly through decompression of the vessel. 4, 67 For extreme and severe cases of unresponsive necrosis, there is a case report demonstrating a good response to local subcutaneous injections of low molecular weight heparin.
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Late PostProCedure Considerations Nodule Formation and Granulomatous Reactions
Delayed-onset nodule formation and granulomatous reactions have been reported following placement of several injectables. "Delayed" responses, for the sake of this discussion, are those that occur after six weeks. Although the presentation can often be the same as early onset reactions, the mechanism behind the reaction is different. The sections below describe late reactions that occur with HA fillers, poly-L-lactic acid (PLLA) fillers, CaHA fillers, and PMMA fillers.
Hyaluronic Acid
Nodule formation following injection of HA fillers is most commonly due to superficial placement of the product. Granulomatous reactions/inflammatory nodules are of a different nature and have been reported in the literature as persistent nodules and delayed-onset "angry red bumps." The etiology of these sometimes tender, erythematous nodules has been attributed to possible allergic reaction, foreign body reaction, infection, and sterile abscess (Figure 7) . Recently, there has been a great deal of discussion on the role of biofilms in the presentation of late-onset nodule formation. 12, [69] [70] [71] [72] These lesions are more resistant to treatment. Case reports describe some that fail to improve with standard measures such as topical, oral, and injectable steroids. Some reports of these reactions to HA indicate that injecting the enzyme hyaluronidase may be a therapeutic option for granulomatous lesions that are otherwise refractory to steroid injection. 58 Brody 58 reported successful treatment of refractory HA-induced nodules with 15 units of hyaluronidase injected directly into the lesion, with complete resolution in 24 hours. The management of delayed-onset "angry red bumps" with empiric antibiotics such as clarithromycin has been well documented, along with incision and drainage treatment followed by close observation.
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Poly-L-Lactic Acid Nodule formation with PLLA fillers was quite common initially, with an incidence of between 31% and 52% in early European studies in patients with HIV-related lipodystrophy. Lower incidences of these nodules were reported by several US authors and ranged between 6% and 13%. 15, 46, 73 Pursuant to the high rate of nodule formation, treatment protocols changed. These modifications include injecting in a deeper plane as previously discussed (provided that the filler is not placed into the muscle), reconstitution with higher volumes (ie, 5 mL or more of sterile water and 1 mL of lidocaine added prior to injection), and longer reconstitution times (ideally eight hours or more prior to injection). 74 Lam et al 45 and others 73 have more recently recommended dilution with a volume of 5 to 10 mL of sterile water and 1 to 2 mL of 1% lidocaine with epinephrine. We advocate that the reconstitution timeframe should not be less than 12 hours, with an ideal time of 24 hours to ensure complete reconstitution. 45 Butterwick and Lowe 75 promoted diluting the filler with 5 mL or more of sterile water and an additional 1 mL of lidocaine prior to injection, as well as extending the reconstitution time to at least overnight for all facial applications. Furthermore, upon review of the literature, they suggested specifically that appropriate injection technique (ie, injection in the subcutaneous plane, even distribution of the product, and no more than 0.1-0.2 mL of product per pass of the needle) and posttreatment massage are helpful in reducing nodule formation. 45, 74, [76] [77] [78] [79] [80] There are reports of nodule treatment with intralesional steroids in combination with topical 5% imiquimod cream or 5-fluorouracil, topical 5% imiquimod cream alone, 5-fluorouracil alone, and surgical excision, but only surgical excision has been noted to yield a satisfactory result.
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Calcium Hydroxylapatite
Nodule formation following CaHA injection has also been reported. Although the injection to the lips has never been an approved indication for this product, in the early part of this decade, some US injectors were performing lip and perioral augmentation with a nodule formation incidence of 20% or higher. As a result, its use in the perioral region has been abandoned by most injectors today. The product is injected safely and effectively in many other areas such as the nasolabial folds, oral commissures, and cheeks. If nodules do occur in these areas, they appear as small lumps close to the site of injection. There have been reports of nodules appearing up to 2 cm distal to the site of injection (Figure 8 ). These lesions can be treated with steroid injection or surgical excision. 59 Theoretic concerns of bone stimulation following injection of CaHA have been raised, 81 but to date, no studies have shown this theory to be true. Although it is still only conjecture, it is recommended that care be taken to avoid contact with the bone when injecting in the preperiosteal plane. Polymethylmethacrylate Delayed granuloma formation has been associated with the PMMA filler Artecoll. The rate is quite low (0.01%) but can be troublesome because of its delayed appearance, often six to 24 months after injection. 49, 82 Treatment gener- Figure 8 . This patient developed infraorbital nodules 2.5 years after treatment with Sculptra (Sanofi-Aventis US, Bridgewater, New Jersey) by a nurse injector.
ally involves repeated intralesional steroid injection at increasing concentrations over a three-to four-week interval. 46 It is important to distinguish this type of nodule formation versus superficial beading and ridging that represents a hypertrophic scar due to superficial placement of PMMA as the latter may eventually require therapies, including laser or excision.
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ConCLusions
Soft tissue augmentation with filler agents is in higher demand due in large part to increased public exposure to these products and increasing confidence that these agents provide a safe and consistent means of facial rejuvenation. Despite the impressive safety profile of these products, complications do occur. It is important for the injector to be knowledgeable about regional anatomy and select the product most likely to address the patient's concerns. The injector must be conversant about each product, the best injection techniques specific to that product, and the potential risks so that the patient can be properly informed. If a complication does occur, thorough understanding of the diagnosis and treatment algorithms will help the injector safely navigate through these circumstances to minimize long-term sequelae. This article outlined key methods to help clinicians at all levels understand fillers and their complications in a way that will allow them to successfully avoid, accurately diagnose, and efficiently manage potential adverse events.
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